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SYSTEM AND METHOD FOR TRACKING THE LOCATION OF 
MULTIPLE MOBILE RADIO TRANSCEIVER UNITS 

TECHNICAL FIELD OF THE INVENTION 
[001] The present invention is directed, in general, to 
location tracking systems and, more specifically, to a system for 
tracking the locations of multiple mobile units that communicate 
with a central monitoring device by a radio frequency (RF) link. 

BACKGROUND OF THE INVENTION 

[002] Tracking the location or position of a body that can move 
in unknown directions over a considerable range of territory has 
been a concern for a number of years. The term "body" is defined 
broadly, meaning any organic or inorganic object whose movement or 
position may suitably be evaluated relative to its environment in 
accordance with the principles hereof. The term "environment" is 
defined broadly as conditions and influences that define, at least 
in part, the physical system in which the body is located. 

[003] In the past, locating systems were proposed that employed 
conventional wireless technology, but which tended to be 
cumbersome, bulky, expensive, and lack robustness, or all of the 
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above. With the deployment of the global positioning system (GPS), 
it is now possible to provide relatively inexpensive location 
systems for determining body location. Such systems have been 
utilized, for example, on trucks to provide location information 
for companies having large fleets of trucks in use at any one 
particular time. The position of each individual truck may 
therefore be tracked. 

[004] Conventional GPS devices have disadvantages, including 
relative slowness in acquiring location data, being strongly 
dependent upon the target body being in an open area where it is in 
a line-of -sight position to the GPS satellites, and consuming a 
relatively large amount of electrical power during the period in 
which the location information is being acquired from the GPS 
satellites . 

[005] The inventor hereof disclosed various methodologies for 
an improved object locator system in the following United States 
Patents : 

1) No. 6,518,919, entitled "Mobile Object Locator"; 

2) No. 6,480,147, entitled "Portable Position Determining 
Device" ; 

3) No. 6,441,778, entitled "Pet Locator"; 



- 2 - 



ATTY. DOCKET NO. MDFH01- 00004 



PATENT 



4) No. 6,421,001, entitled "Object Locator"; 

5) No. 6,236,358, entitled "Mobile Object Locator" and 

6) No. 6,172,640, entitled "Pet Locator". 

[006] These patents disclose an object locator system that 
requests and obtains information about the location of a mobile 
object, having attached thereon a lightweight object locator that 
is operable in a region served by a two-way paging system and a 
global positioning system. The object locator may be activated 
selectively to conserve power or enabled to respond only when 
beyond or within a defined boundary. These patents also teach that 
the object locator system provides the location information in 
several forms . 

[007] However, the methodologies disclosed in these patents 
fail to include the robustness necessary to track groups of 
bodies/objects that are related, permanently or temporarily, within 
one or more environments. Further, these methodologies fail to 
understand the complex relationships between related 
bodies/objects, whether such relationships are hierarchical or 
otherwise. Further yet, these methodologies fail to adequately 
address continued (though reduced) line-of -sight and power 
management issues . 
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[008] Therefore, there is a need in the art for an improved 

system for gathering the location information of one or more 
tracked objects. 
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SUMMARY OF THE INVENTION 

[009] To address the above -discussed deficiencies of the prior 
art, it is a primary object of the present invention to provide a 
object locating system, the system comprising at least first and 
second mobile devices associated by a relationship defined at least 
in part by a threshold, wherein the at least first and second 
mobile devices are operable to be monitored by a communication 
network as one mobile device or as separate mobile devices as a 
function of the relationship relative to the threshold. 

[010] In one embodiment of the present invention, the threshold 
is based upon distance between the at least first and second mobile 
devices . 

[011] In another embodiment of the present invention, the 
relationship between the at least first and second mobile devices 
is hierarchical. 

[012] In still another embodiment of the present invention, the 
hierarchical relationship is master-slave between the at least 
first and second mobile devices. 

[013] In yet another embodiment of the present invention, the 
relationship is dynamic. 
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[014] In a further embodiment of the present invention, the 
relationship is static. 

[015] In a still further embodiment of the present invention, 
the communications network uses passive tags to monitor mobile 
devices . 

[016] In one embodiment of the present invention, the 
communications network is capable of tracking monitored mobile 
devices relative to an environment, such as a position within a 
geographical boundary. 

[017] Before undertaking the DETAILED DESCRIPTION OF THE 
INVENTION below, it may be advantageous to set forth definitions of 
certain words and phrases used throughout this patent document: 
the terms "include" and "comprise," as well as derivatives thereof, 
mean inclusion without limitation; the term "or," is inclusive, 
meaning and/or; the phrases "associated with" and "associated 
therewith," as well as derivatives thereof, may mean to include, be 
included within, interconnect with, contain, be contained within, 
connect to or with, couple to or with, be communicable with, 
cooperate with, interleave, juxtapose, be proximate to, be bound to 
or with, have, have a property of, or the like; and the term 
"controller" means any device, system or part thereof that controls 
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at least one operation, such a device may be implemented in 
hardware, firmware or software, or some combination of at least two 
of the same. It should be noted that the functionality associated 
with any particular controller may be centralized or distributed, 
whether locally or remotely. Definitions for certain words and 
phrases are provided throughout this patent document, those of 
ordinary skill in the art should understand that in many, if not 
most instances, such definitions apply to prior, as well as future 
uses of such defined words and phrases. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[018] For a more complete understanding of the present 
invention and its advantages, reference is now made to the 
following description taken in conjunction with the accompanying 
drawings, in which like reference numerals represent like parts: 

[019] FIGURE 1 illustrates a location tracking system according 
to an advantageous embodiment of the present invention; 

[020] FIGURE 2 illustrates a primary base station in greater 
detail according to an exemplary embodiment of the present 
invention; 

[021] FIGURE 3 illustrates an alternate method of determining 
the location of a mobile unit according to one embodiment of the 
present invention; and 

[022] FIGURE 4 illustrates another alternate method of 
determining the location of a mobile unit according to one 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
[023] FIGURES 1 through 4, discussed below, and the various 
embodiments used to describe the principles of the present 
invention in this patent document are by way of illustration only 
and should not be construed in any way to limit the scope of the 
invention. Those skilled in the art will understand that the 
principles of the present invention may be implemented in any 
suitably arranged wireless communication network. 

[024] FIGURE 1 illustrates location tracking system 100 
according to an advantageous embodiment of the present invention. 
Location tracking system 100 comprises primary base station 110, 
primary mobile unit 12 0, and up to "N" secondary mobile units, 
including exemplary secondary mobile units 130 and 140, associated 
with primary mobile unit 120. Each one of primary mobile unit 120 
and the N secondary mobile units is attached to a person, animal, 
vehicle or other mobile object that is being tracked. Location 
tracking system 10 0 may comprise additional primary base stations 
similar to primary base station 110 and additional primary mobile 
units similar to primary mobile unit 120. However, to avoid 
redundancy and to simplify the explanation of the present 
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invention, only primary base station 110 and primary mobile unit 
12 0 are shown. 

[025] Location tracking system 100 is an improvement on the 
mobile object locating system and related components thereof that 
are disclosed in numerous United States patents to Durst et al . , 
including United States Patent No. 6,172,640, United States Patent 
No. 6,236,358, United States Patent No. 6,421,001, United States 
Patent No. 6,441,778, United States Patent No. 6,480,147 and United 
States Patent No. 6,518,919. The subject matter disclosed in each 
of United States Patent No. 6,172,640, United States Patent No. 
6,236,358, United States Patent No. 6,421,001, United States Patent 
No. 6,441,778, United States Patent No. 6,480,147 and United States 
Patent No. 6,518,919 (collectively referred to hereafter as "the 
Durst patents") is hereby incorporated into the present disclosure 
as if fully set forth herein. 

[026] Primary base station 110 comprises antennas 111, 112 and 
113. According to an exemplary embodiment of the present 
invention, primary base station 110 comprises a Global Positioning 
System (GPS) receiver that determines the position of primary base 
station 110 using radio frequency signals received from global 
positioning satellite system 190 via antenna 111. Primary base 
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station 110 also comprises a 2 -way paging transceiver that 
communicates with one or more of primary mobile unit 120 and the N 
secondary mobile units (e.g., units 130 and 140). The paging 
transceiver communicates bi-directionally with 2 -way paging system 
180 via antenna 112. Finally, primary base station 110 comprises a 
local RF transceiver that communicates directly with one or more of 
primary mobile unit 12 0 and the N secondary mobile units over 
relatively short distances using antenna 113. 

[027] Additionally, primary base station 110 is capable of 
communicating over line 115 via a wireline interface with an 
external communication network (not shown) , such as the Internet or 
an Ethernet local area network (LAN) . This allows primary base 
station 110 to exchange location information with other primary 
base stations. 

[028] Primary mobile unit 120 comprises antennas 121, 122 and 
123. According to an exemplary embodiment of the present 
invention, primary mobile unit 120 comprises a Global Positioning 
System (GPS) receiver that determines the position of primary 
mobile unit 12 0 using radio frequency signals received from global 
positioning satellite system 190 via antenna 121. Primary mobile 
unit 12 0 also comprises a 2 -way paging transceiver that 
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communicates with primary base station 110 and the N secondary 
mobile units (e.g., units 130 and 140). The paging transceiver 
communicates bi-directionally with 2-way paging system 180 via 
antenna 122. Finally, primary mobile unit 120 comprises a local RF 
transceiver that communicates directly with one or more of primary 
base station 110 and the N secondary mobile units over relatively 
short distances using antenna 123. 

[029] Secondary mobile unit 130 comprises antennas 131, 132 and 
133. According to an exemplary embodiment of the present 
invention, secondary mobile unit 13 0 comprises a Global Positioning 
System (GPS) receiver that determines the position of secondary 
mobile unit 130 using radio frequency signals received from global 
positioning satellite system 190 via antenna 131. Secondary mobile 
unit 13 0 also comprises a 2-way paging transceiver that 
communicates with primary base station 110, primary mobile unit 
120, and the remaining N-l secondary mobile units (e.g., unit 140). 

The paging transceiver communicates bi-directionally with 2-way 
paging system 180 via antenna 132. Finally, secondary mobile unit 
130 comprises a local RF transceiver that communicates directly 
with one or more of primary base station 110, primary mobile unit 
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120, and the remaining N secondary mobile units over relatively 
short distances using antenna 133. 

[030] Secondary mobile unit 140 is identical in nearly all 
respect to secondary mobile unit 130. Secondary mobile unit 140 
comprises antennas 141, 142 and 143. Secondary mobile unit 140 
comprises a Global Positioning System (GPS) receiver that 
determines the position of secondary mobile unit 140 using radio 
frequency signals received from global positioning satellite system 
190 via antenna 141. Secondary mobile unit 140 also comprises a 2- 
way paging transceiver that communicates with primary base station 
110, primary mobile unit 120, and the remaining N-l secondary 
mobile units (e.g., unit 130). The paging transceiver communicates 
bi-directionally with 2-way paging system 180 via antenna 142. 
Finally, secondary mobile unit 140 comprises a local RF transceiver 
that communicates directly with one or more of primary base station 
110, primary mobile unit 120, and the remaining N secondary mobile 
units over relatively short distances using antenna 143. 

[031] FIGURE 2 illustrates primary base station 110 in greater 
detail according to an exemplary embodiment of the present 
invention. It should be noted that primary mobile unit 120 and 
secondary mobile units 130 and 140 are identical in most respects 
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to primary base station 111. Therefore, the following description 
of primary base station 111 also applies to primary mobile unit 120 
and secondary mobile units 130 and 14 0, except as noted otherwise. 

[032] Primary base station 110 comprises GPS receiver 210, 
paging transceiver 22 0 and local radio frequency (RF) transceiver 
230. GPS receiver 210, paging transceiver 220 and local RF 
transceiver 230 communicate via antennas 111, 112 and 113, 
respectively, as described above in FIGURE 1. Primary base station 
110 also comprises controller 240, input/output (I/O) interface 
250, user input device 260 (e.g., keyboard), and display 270 (e.g., 
digital alphanumeric readout, LCD display, flat panel video 
monitor, or the like) . 

[033] Controller 240 controls the overall operation of primary 
base station 110, including the operation of GPS receiver 210, 
paging transceiver 220 and local RF transceiver 230. According to 
an exemplary embodiment, controller 240 may comprise a data 
processor and an associated memory, wherein the data processor 
executes an operating system program stored in the memory. 
Controller 240 uses I/O interface 250 to communicate with external 
systems across wireline 115. These external systems may include 
other primary base stations. Controller 240 also receives user 
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commands and data via user input device 260 and outputs data, 
alerts, instructions and the like to the user via display 270. 

[034] Primary base station 110 monitors the locations of one of 
more primary mobile units and one or more secondary mobile units 
that are attached to, or carried by, for example, a group of 
persons, a group of animals, a group of vehicles, and the like. 
According to the principles of the present invention, primary base 
station 110 may communicate directly only with primary mobile 
units, using either paging transceiver 220 or local RF transceiver 
230. In this scenario, primary base station 110 communicates with 
secondary mobile units indirectly using primary mobile unit 120. 
In this manner, location information is relayed from secondary 
mobile units 130 and 140 to primary base station 110 through 
primary mobile unit 120. According to the principles of the 
present invention, secondary mobile stations 130 and 140 may 
communicate with each other and with primary mobile unit 120 using 
either paging transceiver 220 or local RF transceiver 230. 
Preferably, local RF transceiver 23 0 is used to relay location 
information, thereby limiting the usage of 2-way paging system 180. 

[035] Advantageously, relaying position information through 
primary mobile unit 12 0 limits the number of mobile units with 
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which primary base station 110 must communicate directly. This 
reduces the overhead messaging and bandwidth usage through 2 -way 
paging system 180 and/or through local RF transceiver 230. 

[036] It is not required that primary base station 110, primary 
mobile unit 120, and secondary mobile units 130 and 140 contain 
three separate receiver or transceivers. Some state of the art RF 
transceivers are capable of operating (sometimes simultaneously) in 
a wide range of frequency bands using a number of different 
modulation techniques and protocols. Thus, for example, paging 
transceiver 220 and local RF transceiver 230 may actually be a 
single transceiver that communicates directly (i.e., transceiver to 
transceiver) with other mobile units or primary base stations or 
communicates with other mobile units or primary base stations via 
2-way paging system 180. 

[037] According to an advantageous embodiment of the present 
invention, local RF transceiver 230 is a relatively short-range 
device that communicates over ranges of, for example, 500 yards or 
less. For example, local RF transceiver 230 may be an 802.11 
transceiver that communicates with another local RF transceiver 230 
according to a wireless Ethernet protocol. Alternatively, local RF 
transceiver 230 may communicate over short distances with another 



- 16 - 



ATTY . DOCKET NO. MDFH01- 00004 PATENT 

local RF transceiver 230 according to a Bluetooth protocol. 
However, when a mobile unit is out of range of primary base station 
110 or other mobile units, the mobile unit uses paging transceiver 
220 to communicate bi-directionally with primary base station 110 
or other mobile units. 

[038] It should be noted that primary base station 110 is not 
required to be stationary and may, in fact, be a mobile device. 
The term "primary base station" is intended to designate primary 
base station 110 as a central monitoring device to which mobile 
unit location information is transmitted, either directly or by 
relay. This is true whether primary base station 110 is located at 
a fixed geographical position or is on the move. 

[039] Also, it should be noted that a mobile unit may be 
switched between being a primary mobile unit or a secondary mobile 
unit. A mobile unit is a primary mobile unit if it communicates 
with primary base station 110. A mobile unit is a secondary mobile 
unit if it communicates only with another mobile unit (primary or 
secondary) that, in turn, relays location information to primary 
base station 110. 

[040] It may be helpful at this point to provide examples of 
the operation of base stations and mobile units in location 
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tracking system 100. In a first example, a tour group at a large 
amusement park uses base stations and mobile units to monitor 
members of the tour group. The tour guide is equipped with primary 
base station 110. A first parent chaperone is equipped with a 
first primary mobile unit 12 OA and a second parent chaperone is 
equipped with a second primary mobile unit 12 OB. Each student in 
the tour group is equipped with a secondary mobile unit 130. 

[041] If the tour group stays together, the secondary mobile 
unit used by each student transmits position location information 
to either first primary mobile unit 120A or second primary mobile 
unit 120B. For example, the mobile units used by all female 
students may communicate with first primary mobile unit 12 OA used 
by the first parent chaperone and the mobile units used by all male 
students may communicate with second primary mobile unit 120B used 
by the second parent chaperone. The mobile units may be assigned 
in this manner by manual inputs on user input device 260. Since 
all group members are in close proximity, the communications 
between the primary mobile units and secondary mobile units 
generally will be conducted by local RF transceiver 230. 

[042] The student position information is relayed by first 
primary mobile unit 12 OA and second primary mobile unit 12 0B to 
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primary base station 110. Since all group members are in close 
proximity, the communications between the primary mobile units and 
primary base station 110 generally will be conducted by local RF 
transceiver 230. However, in some embodiments, paging transceiver 
220 may be used by default. If the students and chaperones move 
away from the tour guide, then paging transceiver 220 must be used. 

[043] At this point, the second parent chaperone and the male 
students may break away from the first parent chaperone and the 
female students. Nonetheless, the position information of all male 
students and the second parent chaperone continues to be 
transmitted by the second primary mobile unit 12 0B to primary base 
station 110. 

[044] According to an advantageous embodiment of the present 
invention, second primary mobile unit 120B used by the second 
parent chaperone may originally operate as a secondary mobile unit. 

Thus, the position information of all students and the second 
chaperone is transmitted to the first primary mobile unit 120A for 
subsequent relay to primary base station 110. In this situation, 
the secondary mobile unit used by the second parent chaperone may 
or may not receive and relay location information from the 
secondary mobile units used by the male students. 
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[045] However, at some point, when the second parent chaperone 
moves away from the first parent chaperone, the secondary mobile 
unit used by the second parent chaperone will lose contact with the 
first primary mobile unit 120A used by the first parent chaperone. 

When this occurs, the secondary mobile unit used by the second 
parent chaperone will switch from secondary mode to primary mode 
and become primary mobile unit 120B. After the mode switch, 
primary mobile unit 12 0B used by the second parent chaperone will 
establish a new connection to primary base station 110 via 2 -way 
paging system 180 and will begin to relay its own position 
information and the position information of nearby male students to 
primary base station 110. 

[046] According to an advantageous embodiment of the present 
invention, each secondary mobile unit (e.g., units 130 or 140) is 
capable of searching for an alternate primary mobile unit 120 if 
the secondary mobile unit loses contact with its assigned primary 
mobile unit 120. Thus, for example, if the second parent chaperone 
and most of the male students move away from the first parent 
chaperone, but one male student remains with the first parent 
chaperone and the female students, secondary mobile unit 130 used 
by the separated male student will eventually lose contact with the 
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second primary mobile unit 120B used by the second parent 
chaperone. When this happens, secondary mobile unit 13 0 will 
search for and acquire the first primary mobile unit 120A used by 
the first parent chaperone. At this point, the first primary 
mobile unit 120A will relay the location information of the 
separated male student to primary base station 110. 

[047] It should also be noted that the components of location 
tracking system 100 are not exclusively dependent on global 
positioning satellite system 190. According to an advantageous 
embodiment of the present invention, location tracking system 100 
is preferably a GPS-assisted system that is capable of determining 
the location information of mobile units using alternative devices, 
both active and passive. This is particularly advantageous because 
GPS receivers are line-of -sight devices and often do not operate 
indoors . 

[048] FIGURE 3 illustrates an alternate method of determining 
the location of a mobile unit according to one embodiment of the 
present invention. In the illustrated embodiment, a mobile unit 
(e.g., primary mobile unit 120 or secondary mobile unit 130) 
obtains location information from transponder 310 attached to wall 
32 0 of a building. Transponder 310 may be either an active or a 
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passive radio frequency (RF) identification (ID) tag, similar to 
the toll tags commonly used on automobiles. When mobile unit 120 
(or 130) loses the GPS signals from global positioning satellite 
system 190, local RF transceiver 230 changes mode and automatically 
begins to transmit RF ID signals to transponder 310. If mobile 
unit 120 (130) is sufficiently close to transponder 310, 
transponder 310 transmits back to mobile unit 12 0 (13 0) the ID 
information (i.e., location information) embedded in transponder 
310. 

[049] According to an exemplary embodiment of the present 
invention, the ID information in transponder 310 comprises highly 
precise latitude, longitude, and elevation information, similar to 
GPS data. Thus, even though mobile unit 12 0 (or 13 0) is indoors, 
mobile unit 120 (or 130) can still determine its location 
information. The location information received from transponder 
310 is then transmitted (directly or by relay) to primary base 
station 110. 

[050] The widespread use of transponders in a building is 
particularly useful for firefighters. A fire chief may dispatch 
several teams of firefighters into a building. Each team has a 
team leader who carries a primary mobile unit 120. The other 
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members of each team carry secondary mobile units 130, 140. As the 
firefighters move through the building, each mobile unit captures 
its location information from each transponder 310 the mobile unit 
passes. Secondary mobile units 130 and 140 transmit location 
information to primary mobile unit 120 carried by the team leader. 

Primary mobile unit 120 then transmits its location information 
and the location information of the secondary mobile units to 
primary base station 110. Advantageously, if a team member using 
secondary mobile unit 130 is separated from the team leader and 
loses contact with primary mobile unit 120, secondary mobile unit 
130 can switch modes to become a primary mobile unit and establish 
a new communication link to primary base station 110 via 2-way 

paging system 180. 

[051] FIGURE 4 illustrates another alternate method of 
determining the location of a mobile unit according to one 
embodiment of the present invention. According to the alternate 
embodiment, primary base station 110 may use conventional 
triangulation techniques to determine the location information of a 
mobile unit. As FIGURE 4 illustrates, primary mobile unit 120 is 
located on an upper floor (labeled 410) inside building 400. 
Primary base station 110 controls a plurality of antennas, 
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including antennas 113a, 113b and 113c. Each of antennas 113a, 
113b and 113c is positioned at a known geographical location and 
elevation. 

[052] If transponders, such as transponder 310, are not present 
and GPS signals are blocked, local RF transceiver 220 in primary 
mobile unit 120 may transmit a beacon signal. The beacon signal is 
received by each of antennas 113a, 113b and 113c. Primary base 
station 110 uses beamforming or similar techniques on the received 
beacon signals to determine the direction in three-dimensional (3D) 
space of primary mobile unit 120. Conventional triangulation 
techniques may then be used to pinpoint the location of primary 
mobile unit 120. 

[053] It should be noted that the foregoing embodiments were 
introduced for illustrative purposes only and that the present 
invention broadly introduces systems, as well as methods of 
operating such systems, that define one or more relationships among 
mobile units monitored by at least one communications network 
containing a primary base station. Such relationships are defined 
by an environment, which in the above-given example is an tour 
group environment. An important aspect of the present invention is 
that the controller is operable to process sensed phenomena as a 
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function of the environment, and that such phenomena will largely 
be defined by the specific application. Therefore, the system, 
and, more particularly, the controller, generates state indicia 
relative to the environment of interest, and determines whether the 
related mobile units are monitored as one or two (or more) mobile 
units in the context of that environment and as a function of one 
or more thresholds. For instance, "threshold" would likely be very 
different for monitored devices a group of elderly people on an 
outing, firemen responding to a fire in a high rise, a tour group 
in an amusement park, a television camera crew reporting at a 
natural disaster, a tactical military team, or the like. One 
threshold described above is the loss of signal contact between 
mobile units. In alternated embodiments, other thresholds may 
trigger the monitoring of the related mobile units as one or two 
(or more) mobile units. For example, if a secondary mobile unit 
wanders outside of a defined geographical area, the system may 
monitor the secondary mobile unit as a primary unit instead. 

[054] Although the present invention has been described with an 
exemplary embodiment, various changes and modifications may be 
suggested to one skilled in the art. It is intended that the 
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present invention encompass such 
within the scope of the appended 



changes and modifications as fall 
claims . 



